Objective-To determine energy expenditure and muscle activity among children and adolescents with cerebral palsy (CP), across several conditions that approximate sedentary behavior, and standing.
The MET is a physiological measure expressing the energy cost of activities, against a reference to the metabolic cost of rest (i.e., 3.5 mL·kg −1 ·min −1 or 1 kcal·kg −1 ·h −1 ). Due to the lack of demand for recruitment of larger muscle groups, activities that require 1.0-1. 5 METs are considered to be sedentary behaviors. 7 The second element defining sedentary behavior is related to posture, and is based on previously published definitions that describe sedentary as muscular inactivity in sitting and reclining positions, rather than the absence of exercise per se. 8, 9 Static standing should not be considered sedentary behavior because a large proportion of the body's muscles are activated to initiate and maintain standing, and there are generally some nondescript movements, such as shifting or fidgeting. 10, 11 Recent findings demonstrate a strong negative association between time spent standing and the risk of mortality, supporting the notion that even light physical activity like standing is a potentially viable target for intervention. 12 Despite the apparent advantages of this approach, any current definition of sedentary behavior for the general population may not be applicable to individuals with cerebral palsy (CP). The degree of neuromuscular deficits and mobility impairment is extremely variable among persons with CP, and there is likely heterogeneity in the energy expenditure and muscle activities between different levels of severity, even within similar postures. 13, 14 Children and adolescents with CP engage in prolonged periods of sedentary time, 15 and have diminished capacity to participate in moderate to vigorous activities. 16 In addition to the potential effectiveness of health-related physical activity in this population, an intuitive first-step out of chronic, sedentary lifestyles may be to focus simply on fragmenting sedentary time. An evaluation of the energy consumption and muscle activity profiles of individuals with CP, during postures that are assumed to represent or approximate sedentary behavior (i.e., sitting and standing), would provide valuable information about their actual physiologic demand. The purpose of this study was to determine the energy expenditure and muscle activation during lying, sitting and standing, among individuals with CP with different levels of severity.
METHODS
This exploratory study focused on children, adolescents, and young adults with CP, between the ages of 4 and 20 years, who were classified at Gross Motor Function Classification System Expanded and Revised (GMFCS-E&R) levels I to V. The Institutional Review Board of the University Medical Center Utrecht approved the study.
Based on clinical examinations, pediatric physiatrists who worked in a school for special education referred suitable subjects. A total of 19 children and youth with spastic CP (five classified as having spastic unilateral CP, 14 as having spastic bilateral CP; 13 male, 6 female; age 4-20 years old) were recruited from the Mytylschool Ariane de Ranitz in Utrecht and their parents provided informed consent for participation in this study. All the children received rehabilitation services in The Netherlands at the time of participation. Eight children classified at GMFCS level I and II did not use any support for standing. The children classified at GMFCS level III, IV, and V used walking or standing frames to keep an upright position. Subject characteristics are provided in Table I. Prior to the energy expenditure and electromyography (EMG) measurements, each child was weighed on electronic scales (Seca, Hamburg, Germany). Height measurements were taken on the same visit. The EMG electrodes were, on the basis of palpation, placed on eight large muscle groups, including: left and right quadriceps femoris; left and right biceps femoris; left and right gastrocnemius; and the left and right side of the erector spinae. A facemask, to measure oxygen consumption, was placed firmly around the mouth and nose.
After placement of the electrodes and the facemask, the child was asked to lie down in the supine position, on a comfortable treatment table. Each child's energy expenditure and muscle activity was measured during a standardized order of postures: (1) lying supine on a table; (2) sitting quietly on a chair with backrest; (3) sitting quietly on a chair without backrest; and (4) standing (with or without support). By using this order of testing, postures that require greater energy expenditures did not influence subsequent measures. Measurement of energy expenditure and muscle activity for each posture started when the energy expenditure was stable for one minute (ie, not more than 2 ml/kg/min VO 2 difference). Thereafter, the measurement was performed for 5 minutes during lying, and for 2 minutes during sitting (with and without support) and standing. As a requirement for accurate measurements, energy expenditures had to reach a steady state prior to termination of the test. The measurement time for sitting and standing was only 2 minutes, because for children classified at GMFCS III-V, sitting without support and standing is difficult. The facemask and EMG electrodes remained in place during the measurement session.
Measures GMFCS-A pediatric physical therapist experienced in evaluating the GMFCS-E&R 17, 18 used the translated Dutch version to classify children and adolescents with CP, according to their functional ability. The GMFCS-E&R assesses activity limitations for gross motor function with a five-level ordinal grading scale. The GMFCS describes gross motor function of individuals with CP on the basis of self-initiated movement with an emphasis on sitting, walking, and wheeled mobility. Distinctions between levels are also based on the need for assistive technology, including hand-held mobility devices (walkers, crutches, etc.) or wheeled mobility. Individuals at "Level I" can generally walk without significant restrictions, but may experience limitations in advanced motor-related skills. Individuals at "Level V" are usually very restricted in their mobility, even with external assistive technology. Individuals at Level III are able to ambulate with an assistive device such as crutches or a walker. Individuals at Level IV are generally non-ambulatory, although they sometimes can walk short distances with walkers.
Energy Expenditure-Indirect calorimetry was used to assess the metabolic demand of different postures, and standing; it is noninvasive and accurate with high reproducibility. 19 It is based on the indirect measure of the heat expended by nutrients oxidation, which is estimated by monitoring oxygen consumption (O 2 ) and carbon dioxide production (CO 2 ) for a given unit of time. 19, 20 Each measurement was completed at least two hours after a meal. The subjects wore a firmly fitted facemask attached to a calibrated mobile gas analysis system with a built-in gas analyzer, which allowed continuous gas analysis of cardiopulmonary variables throughout the test. The Cortex Metamax is a valid and reliable system for measuring ventilatory measures. [21] [22] [23] The mobile gas analysis system consisted of a facemask, a transmitting unit (containing different oxygen and carbon dioxide gas analyzers), and a receiving unit. The transmitting unit with facemask and tubing (total weight 0.57 kg) was attached to the subjects with a harness, and the receiving unit was connected to a laptop computer located within 5 meters of the transmitting unit. Metabolic stress test software (Metasoft, Version 2.6) was used to measure minute ventilation, oxygen uptake (VO 2 ), and carbon dioxide production (VCO 2 ) every 10 seconds. Mean ± standard deviation VO 2 (ml/kg/min) were calculated for the last 5 minutes during lying, and during the last 2 minutes during sitting (with and without support) and standing. Energy expenditure, expressed in METs, was calculated as the mean VO 2 value during each condition divided by the mean VO 2 value during lying.
Muscle Activity-Muscle activity was measured at the same time as energy expenditure, using the "Porti" (TMS International), a surface EMG measurement device. Surface EMG is a reliable and valid way to measure muscle activity. 24 For this study the Porti was used as a stationary device. The device was connected with an optic fiber cable to a transmitter connected to a computer equipped with PortiLab software that makes it possible to record the measurements. The EMG electrodes (Kendall, Covidien, Germany) were connected to the Porti device with cables of a length up to 1 meter.
For individuals with CP, especially those classified at GMFCS levels III, IV and V, it is difficult or impossible to perform a maximal voluntary contraction (MVC). In order to normalize the muscle activity and compare the muscle activity of the children between the different GMFCS levels and postures, the muscle activity during rest (i.e. lying down) was used as a threshold for muscle inactivity. This threshold was calculated separately for each child.
Data Analyses
The data were analyzed using SPSS 21.0. The EMG data recorded from eight different muscle groups during four different postures were analyzed using Matlab. The "raw" signal was processed on the basis of the following 5 steps: (1) raw signal amplification: the EMG signal was recorded as the difference in voltage between two electrodes, which is a very weak signal; this signal needs to be amplified to be able to determine the burst during muscle contraction; (2) analog filtering: this has been done by a band pass filter and was applied to the raw signal before it was digitized; the band pass filter removes low and high frequencies from the signal; (3) analog to digital conversion: the analog EMG signal was converted to a digital signal by sampling; (4) digital high pass filter: this filter has been used to remove movement-and other artifacts; and (5) digital low pass filter: the rectified signal was low pass filtered, within the 5 -100 Hz range.
The muscle activity per muscle group was expressed as the root mean square (RMS) of the total signal. The RMS is also known as the quadratic mean, and was used because of the positive and negative variants in the signal. The RMS value represents the average muscle activity over a period of time. The mean relative muscle activity, which is a measure of the relative percentage increase or decrease in muscle activity in relation to the rest measurement, was calculated for every child and averaged per posture (ie, lying, sitting with support, sitting without support and standing).
The muscle activity and energy expenditure of every child during rest was set as 1.0. Nonparametric test procedures were used due to the small sample size for each GMFCS level. Differences in muscle activity and metabolic demand for sitting with support, sitting without support, and standing compared with rest values were analyzed using the non-parametric Wilcoxon signed rank test. These analyses were performed for all GMFCS levels separately.
Partial correlation analyses were conducted to examine the independent association between the METs and RMS values in the different postures (sitting with and without support, and standing), adjusted for effect of age. For all statistical tests, a 95 % confidence interval (CI) was calculated and an alpha-value of less than 0.05 was considered statistically significant.
RESULTS
Thirteen boys and 6 girls completed the measurements without complications. Three children (one each from GMFCS levels II, IV and V) were not able to complete the metabolic testing due to discomfort. Three children (2 in GMFCS level IV and 1 in GMFCS level V) were not able to maintain the sitting without support position. The 95% CI of the mean difference for each posture, compared with rest, and GMFCS level, are in Tables II  and III .
Energy expenditure
Mean resting energy consumption was 9.0 ±1.8 ml/kg/min for children 4-12 years old and 6.7 ±1.1 ml/kg/min for children 13 years and older. For all GMFCS levels the average energy expenditure was higher than 1.5 METs (range 1.53-1.88 METs) during standing. The average values for individual children ranged from 1.33 to 1.88. For children classified at GMFCS level III all positions required significantly more energy consumption compared with rest (Table II) .
Muscle activity
Table III provides the differences in muscle activity related to the postures. As can be seen muscle activation for postures with less support increased considerably, though not significantly. Only for children classified at GMFCS level III standing resulted in significantly greater muscle activation (p<0.05) compared with rest.
In the Figure, distinctive characteristics of the four different postures are illustrated with EMG patterns as an index of local contractile activity of the quadriceps muscles. In the examples provided, the subjects were resting for 5 minutes and then were sitting with back support, sitting without back support and standing for 2 minutes, respectively.
After adjustment for age, the partial correlations between the relative METs and RMS values were positive, but not significant (|r| = 0.14-0.36, p>0.05).
DISCUSSION
The aim of this study was to investigate the physiologic demand associated with different postures among children and adolescents with spastic CP, with varying levels of mobility limitations. The primary findings revealed that energy expenditure was >1.5 METs during standing for all GMFCS levels, and therefore may be considered as a viable, introductory intervention to reduce sedentary behavior among children with CP.
There was no correlation between the muscle activity and the energy expenditure for different postures that approximate sedentary behavior. One explanation could be that not all muscles that were active during the different postures were measured. For example, the activity of abdominal muscles and hip abductors and hip adductors were not measured. These muscles are typically used to keep the body in an upright position. A second explanation could be that spasticity and involuntary movements require energy, and thus represent an additional source of energy expenditure above resting metabolic requirements. Many children with CP, and particularly those classified at GMFCS levels I and II, may not have involuntary movements during rest that would increase resting energy expenditure. 25, 26 However, it remains to be determined if the involuntary muscle activity that might be present for children classified at GMFCS levels III-V contributes to a meaningful increase in energy expenditure.
Recent findings in typical development suggest that it may be important to interrupt regularly the contractile inactivity in postural muscles that takes place during prolonged sitting. 27, 28 Most research in sedentary behavior has not evaluated muscle activity. As discussed by Verschuren et al 13 , especially for children with CP it is a very important component to understand. Because the mechanisms underlying the negative health consequences of prolonged sitting may be directly due to muscle inactivity, it is important to establish how much muscle activity is sufficient to attenuate these consequences. The contribution of non-exercise activity thermogenesis, 29 which includes fidgeting, spontaneous muscle contraction, and maintaining posture, may represent a greater proportion of daily energy expenditure among children with CP, than for typically developing peers. For individuals classified at GMFCS level III, there was a significant difference in muscle activity for sitting without support compared with rest. This finding suggests that sitting without support for children with this level of involvement is an achievable but challenging task. Further research is needed to determine whether the exertion required for these children to maintain sitting without support is functionally viable.
Children who were fully supported during standing (ie, children classified at GMFCS level V) showed a smaller increase in muscle activity compared with children who used an assistive device to keep an upright position (ie, children classified at GMFCS level III and IV). Interestingly, despite lower muscle activation, there was higher energy expenditure during standing for the child at GMFCS V, as compared with the other subgroups. This child also had less muscle activity but a higher MET value during sitting with support as compared with rest. These findings could indicate that other muscle groups (including trunk and upper extremity) were being used and contributed to higher energy expenditure. Further research with a larger sample and inclusion of EMG measurements of more muscle groups is needed to explore this possibility.
Sedentary behavior and physical activity are different constructs in the activity continuum, and may have independent effects on health. 6 However, the optimal patterns of physical activity and sedentary behavior in children and youth with CP require further evaluation. Determining the potential health benefits between encouraging MVPA and reducing sedentary behavior is fundamental to understanding metabolic and health consequences. The current paradigm of physical activity and exercise used for children and youth with CP may need to be reframed, and the benefits of instituting strategies to replace sedentary behavior with activity need to be evaluated. Resolving the problem of excess sedentary behavior requires a sustained change in individual daily sedentary patterns. A reduction in sedentary behavior for children may be easier than increasing physical activity because there are fewer restrictions (i.e., no need to change clothing or use special equipment), and such can be attained with minimal time or energy, or risk for adverse outcomes. Although this is likely applicable for all children with CP, it is especially relevant for children classified at GMFCS levels IV and V, as reducing sedentary behavior might be the only viable intervention. However, several personal and environmental barriers to fitness and physical activity have been identified for children classified at GMFCS level I and II. 30 Among this group of children who are previously sedentary, the transition from inactivity to a lifetime of habitual health-related physical activity participation might be easiest by starting with simple fragmentation of sedentary behavior.
In general, interventions are more effective when focused on decreasing unhealthy behaviors rather than increasing healthy behaviors. 31 Thus, interventions focused on decreasing sedentary behavior may be far more feasible and sustainable than merely imposing the current recommendations for increasing physical activity for children with CP. Interventions should focus not only on reducing or fragmenting sedentary time, but also on increasing light, moderate, and intense physical activity levels. 13 The results of this study suggest that standing was light activity for children with CP. Designing and integrating standing work stations in classrooms and using standing desks or even standing frames that are easily applicable and not time consuming for children of all GMFCS levels may contribute to the accumulation of light activity. Time could be systematically allocated to regularly (2-3 minutes every hour) stand up or walk, rather than remaining stationary.
Our findings, however, must be interpreted in light of some limitations. The sample size is small, there was wide range of ages, and the subjects all had spastic CP. The results cannot necessarily be generalized to other clinical types of CP or adults with CP, such as dyskinetic or ataxic CP. The sample sizes across GMFCS levels were unequal and the larger sample in GMFCS level III may have contributed to the significant findings. Future research requires a larger sample size, smaller age-range and equal representation across the GMFCS levels. The large standard deviations in RMS-scores during different postures suggest large interindividual variability in muscle activity. Whole room metabolic chambers could be used to estimate energy expenditure to increase the comfort level of the subjects. Finally, other muscle groups need to be evaluated to understand their contribution to the findings. There is variability in the physiologic and metabolic stimulus once support or posture is changed. Children and adolescents with spastic CP across all GMFCS levels had energy expenditures higher than 1.5 METs during standing. During sitting with or without support the energy expenditure was lower than 1.5 METs. Therefore, the energy expenditure factor (a person is sedentary when energy expenditure is ≤ 1.5 METs) and the posture factor (a person is sedentary while sitting or reclining) in the currently accepted definition of sedentary behavior are met in this sample of participants. Our findings related to energy expenditure suggest that changing children's position to a standing position may contribute to the accumulation of light activity and reduce sedentary behavior. This type of intervention is not typically provided to children with CP and merits evaluation. Table 2 Relative MET values for different postures for all GMFCS levels. Table 3 Relative RMS values for all muscle groups for different postures. * p<0.05 tested with raw data using the Wilcoxon signed-rank test
